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W h e n musc le sp ind les were f irst reported and subsequent ly described they w e r e ca l l ed 
„pr imi t ive bund le s" a n d „musc l e buds". T h e term „musc le sp ind le s" w a s co ined b y K Ü H N E 
( 1 8 6 3 ) o n a c c o u n t o f their shape . T h e major i ty o f f ibres w i t h i n sp ind les ( intrafusa l f ibres) 
resemble f o e t a l musc le f ibres in be ing o f smal l d iameter , h a v i n g s imilar s ta in ing react ions 
and c e n t r a l l y - p l a c e d round nuclei. T h e m u l t i n u c l e a t e equatoria l region w a s thought to indicate 
intense f o r m a t i v e a c t i v i t y and there fore spindles w e r e cons idered to be sites of success ive 
reproduct ion o f ex tra fusa l musc le f ibres by long i tudina l d iv i s ion . ( H A S S A L , 1 8 5 1 ; W E I S M A N N , 
1 8 6 1 ; K Ö L L I K E R , 1 8 6 2 a n d K Ü H N E , 1 8 6 3 ) . A l t h o u g h spindles had been f o u n d in hea l thy 
muscle of frogs, rats a n d mice , in man, F R A E N K E L ( 1 8 7 8 ) a n d M I L L B A C H E R ( 1 8 8 2 ) a m o n g s t 
others, regarded t h e m as a p a t h o l o g i c a l response to a w i d e var i e ty o f acute and chron ic 
systemic diseases , in fec t ions , t raumata and certa in neuro log ica l disorders , inc luding a radial 
nerve injury. B A B I N S K I ( 1 8 8 6 ) w h o had or ig ina l ly seen them in a case o f ' a m y o t r o p h y ' f o l l o w -
ing injury t o the spinal cord , appears to h a v e been the f irst to h a v e e x a m i n e d musc le f r o m 
a h e a l t h y i n d i v i d u a l . H a v i n g f o u n d spindles in this case, h e c a m e to the conc lus ion that 
not o n l y w e r e they normal structures, but a lso t h a t they might be a u t o n o m o u s , f u n c t i o n i n g 
i n d e p e n d e n t l y of ex tra fusa l f ibres. T h i s h y p o t h e s i s w a s based o n the fact that the spindles 
were b o u n d e d by a c o n n e c t i v e tissue capsule w i t h separate but c o m m u n i c a t i n g c o m p a r t m e n t s 
for b l o o d vessels , nerves and musc le f ibres. R O T H ( 1 8 8 7 ) f i n a l l y establ ished the sp indle as 
a n o r m a l l y occurr ing structure w i t h further observat ions on h u m a n a n d o ther m a m m a l i a n 
muscles. 
Ill d e f i n e d n e r v e endings were dep ic t ed by K Ö L L I K E R ( 1 8 6 2 ) a n d K Ü H N E ( 1 8 6 3 ) . 
B A B I N S K I ( 1 8 8 6 ) a n d R O T H ( 1 8 8 7 ) both reported o n their presence, but K I R S C H N E R ( 1 8 8 8 ) 
was the first to d e m o n s t r a t e u n e q u i v o c a l l y the nervous c o n n e x i o n s of spindles in m a n and 
several o ther m a m m a l i a n species, and t o postulate their sensory f u n c t i o n . In 1 8 9 8 R U F F I N I 
ex tended his o w n earl ier w o r k a n d publ ished the most beaut i fu l d r a w i n g s o f the var ious 
types o f spiral and p l a t e - l i k e endings in the equator ia l , jux ta -equator ia l and po lar regions 
of in tra fusa l f ibres in the cat . S ince the lat ter types of end ing w e r e u n l i k e ex tra fusa l m o t o r -
end-plates , he d o u b t e d w h e t h e r they had a s imilar funct ion . S H E R R I N G T O N ( 1 8 9 4 ) p r o v e d 
the sensory f u n c t i o n of the annulosp ira l endings a n d s h o w e d that at least a third of the 
f ibres are a f f e r e n t in a so-ca l led purely m o t o r nerve . In a series of exper iments in the cat . 
T O T E R ( 1 9 3 2 ) c lar i f i ed , but d id not c o m p l e t e l y s o l v e , the prob lem o f d is tr ibut ion o f m o t o r , 
sensory a n d a u t o n o m i c nerves to the spindle . 
Later w o r k has s h e w n that there are t w o , poss ibly three, types of intrafusa l musc le 
f ibre. In termedia te a n d large d iameter f ibres h a v e equatoria l nuclear bags and there are 
nuclear cha ins in the smal lest f ibres. These types o f f ibre d i f f e r in s ta in ing reactions, f ibr i l lar 
structure and probab ly in t w i t c h characterist ics . H i s t o l o g i c a l a n d e l ec trophys io log ica l w o r k 
in t h e ca t ind icates that in a d d i t i o n to an a u t o n o m i c supply , there arc t w o dist inct t ypes of 
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both motor and sensory innervat ion . The details of the present pos i t ion are summarised in 
the proceedings of the Sympos ium o n Muscle Receptors (BARKER 1961). 
Although the analysis o f structure and function is incomplete , spindles are k n o w n t o 
p lay an essential role in the contro l of striated muscle. It is therefore o f interest to trace their 
deve lopment in the human foetus and to attempt t o correlate this with general d e v e l o p m e n t 
and with the evo lut ion o f foetal movements . 
In l imb buds, skeletal and muscular elements are deve loped in situ and d i f f e r e n t i a t e 
proximo-dis ta l ly . The main structures o f the upper l imb are dist inguishable by the end of 
the 6th week and of the l o w e r l imb at the 7th. The brachial plexus is formed and nerves 
grow into the arm during the second half o f the fourth week. At the beginning of the f i f th , 
the lumbo-sacral plexus is f ormed and nerves begin to penetrate the lower l imb. As shewn 
by B A R D E E N and L E W I S ( 1 9 0 1 ) , the rudiments o f all the skeleton, muscles and nerves arc 
deve loped during the first t w o months and the adult condi t ion is attained by subsequent 
increase in size and complex i ty o f organs and by relat ive shi f t ing o f parts. These authors 
a l so noted that d i f ferent ia t ion o f muscle fo l lowed immedia te ly a f ter a motor n e r v e entered 
the region, but pointed out that this not necessarily imply a causal relationship. 
M A V R I N S K A I A (1960) reported that primitive motor and sensory endings are ident i f iab le 
in human foetal intercostal musc les at about 7*/a t o 8 weeks. She studied these muscles in 
67 foetuses aged from 5 — 1 6 weeks , using B I E I . S C H O T S K Y — G R O S s i lver impregnat ion and 
P O R T U G A L O V ' S h istochemical test for ac id-phospho-mono-esterase act iv i ty , on frozen sections. 
( N o mention was made o f the f i x a t i v e or any d e c a l c i f y i n g f luid.) In her v i e w , motor and 
sensory endings were laid d o w n s imultaneously . 
O n the other hand, HF.WER (1935) using both RANSON'S and de CASTRO'S silver impreg-
nation on a smaller series o f f o r m a l i n - f i x e d foetuses aged from 6 w e e k s t o ful l term, stated 
that sensory endings were almost complete ly deve loped before motor endings. For e x a m p l e , 
muscle spindles were wel l d i f f erent ia ted by 2 0 weeks, and at birth m o t o r endings were rudimen-
tary except ing in the tongue, intercostals and diaphragm. The cephalo-caudal and p r o x i m o -
distal gradients of d i f ferent ia t ion n o t e d by B A R D E E N & L E W I S ( 1 9 0 1 ) appl ied to nerve endings, 
as wel l as to general tissue d i f ferent ia t ion within the trunk and limbs. Apart from stat ing 
that an argentophil ic plexus was present in all muscles by the eighth w e e k , f e w deta i l s were 
g iven o f the early format ion o f endings. 
The most detai led and lav i sh ly illustrated account o f d e v e l o p m e n t o f spindles and 
motor-end-plates in man has been g iven by C U A J U N C O ( 1 9 4 0 & 1942). The observat ions on 
spindle and m o t o r endings were c o n f i n e d to biceps brachii and a „ f e w forearm muscles" in 
25 foetuses of ages ranging from 10—39 weeks. The first dot l ike motor endings and a f e w 
s imple networks of sensory fibres around muscle fibres, in no w a y dist inguishable f r o m the 
rest of the muscle, were seen at the 11th week. As stated bv H E W E R (1935) , the spindle capsule 
was forming in the 12th week. C U A J U N C O noted a wel l de f ined lymph space in the 14th w e e k 
and laminat ion of the capsule in the 15th. The intrafusal fibres were d i f ferent ia ted by the 
12th week and three types were reported. H o w e v e r , the presence o f large, medium and small 
fibres was attributed to a g r o w t h phenomenon. N u c l e a r bag and nuclear chain f ibres were 
also observed. 
The number of spindles in biceps had doubled or trebled between the 10th and 12th 
weeks and nun^rical increase cont inued up to , but not beyond the f i f teenth w e e k , the per iod 
at which prol i ferat ion of the muscle cell ceases. Isolated spindles were the c o m m o n e s t , but 
grouped and tandem spindles were a l s o present. 
From the 11th week, the pat tern o f innervation became more elaborate and nerve f ibres 
entered d i f ferent parts o f the sp indle . Equatorial and juxta-equatorial nerve f ibres branched 
and formed d i f ferent types o f spiral and „ f l o w e r " endings. Others entered the polar regions 
and „typica l" end-p la tes were formed . N o n - m y e l i n a t e d f ibres accompained vessels and the 
equatorial fibres began to mye l ina te at the fourteenth week. At this t ime all c o m p o n e n t s o f 
the adult spindle were present a n d recognizable, a l though the comple te ly mature form was 
not achieved until the 24th—31st week. The latter point agrees w i t h T E L L O (1917) , w h o was 
the first to invest igate the d e v e l o p m e n t o f innervat ion of the muscle spindle . H i s s ingle 
human specimen was from a 6 m o n t h foetus and the i l lustration depicted the typica l mature 
pattern o f motor, sensory and autonomic nerve fibres. O n c e the mature form was ach ieved , 
there was no further change, other than an increase in the s ize of the spindle w i t h the age o f 
the foetus. This increase in s ize w i t h age had been noted earlier by F O R S T E R ( 1902) , and it 
led her to conc lude that the spindle was „phys io log ica l ly important and not an e m b r y o n i c 
remnant." 
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T h e precise re lat ionship b e t w e e n the onset o f funct ional ac t iv i ty and the pa t tern of 
intramuscular innervat ion has been s tud ied in a series of sheep foetuses B A R C R O F T a n d B A R R O N , 
1936 and 1937 and DICKSON, 1940) . U n f o r t u n a t e l y no strict ly corre lated s t u d y s a v a able 
for the h u m a n , but observat ions on s p o n t a n e o u s a n d re lex m o v e m e n t s h a v e been Published 
S p o n t a n e o u s intrauterine c o n t r a c t i o n s are de tec tab le at l a p a r o t o m y at the 14th w e e k 
but these are not de tec tab le by the mother unt . the 16th or 17th week W'NDLE 1944) 
In h igh ly art i f i ca l c o n d i t i o n s a f t e r h y s t e r o t o m y , re f l ex m o v e m e n t s of head a n d trunk w e r e 
eUcited a t about 7 ' / i w e e k s and of h a n d and f o o t at the 10th and 11th w e e k s respec t ive ly by 
H U M P H R E Y a n d H O N K E R ( 1 9 5 9 ) . H O G G ( 1 9 5 1 ) o b t a i n e d ref lex m o v e m e n t s o f head , h a n d a n d 
r r ™ 2 n H and 12 w e e k s . In his series he e x a m i n e d the s tate of sensory nerves and 
a S o c i a t e d structures of the skin o f 19 foetuses o f 8 t o 14 w e e k s ot menstrual age L i k e H E W E R 
( 1 M 5 ? , he c o n c l u d e d that the adult form of the nerve endings w a s not a v a l i d cr i ter ion of 
unct ion" a c t i v i t y . From C U A J U N C O ' S h i s to log ica l f indings , the s implest t y p e of m o t o r a n d 
sensory e n d i n g s w o u l d appear t o f o r m a t , o r s l inght ly a f t er the onset o f re f l ex c o n t r a c t i o n s 
of t h 7 u p p e r l imb. T h e es tabl i shment o f re f l exes suggests that peripheral a n d central c o n -
nect ions must exist and there is t h e r e f o r e need to r e - e x a m i n e the prob lem. 
A fu l l corre lat ion o f s tructure a n d f u n c t i o n of d e v e l o p i n g musc le shou ld include: not 
on ly an ac o u n t o f the musc le f ibres , but a lso of peripheral and centra connexions; o f the 
m o t o r a n d sensory nerves and tracts, toge ther w i t h observat ions upon peripheral a n d centra 
m y e l i n a t i o n i n the present report an a t tempt w i l l be made to report on the d e v e l o p i n g 
muscle spindles . 
M a t e r i a l a n d M e t h o d « 
Seven foetuses were used, the i r ages ranged f r o m 57 days t o 36 weeks of 
gestat ion. T h e three youngest were f ixed in 7 , 5 % formol -sa l .ne a n d the r emain -
de r in 10°/o f o r m o l saline. De ta i l s of each foe tus and the m a t e n a l sutdied are 
set ou t in Tab le I. Several f ac to r s governed the choice of .nd iv idua l m u s d e 
T h e spindle popu la t ion is k n o w n to be h igh in smal muscles of the h a n d and 
neck. ( C O O P E R and D A N I E L , 1 9 5 6 ; Voss , 1 9 5 8 ) ; foetal intercostal , a rm, torear in 
and hand muscles have been s tudied by o the r workers ; the cepha ° - « u d a l a n d 
prox imo-d is ta l g rad ien t of d i f f e ren t i a t i on could be invest igated by t ak ing the 
whole l imb o r a muscle f r o m the neck a n d foo t of a single i n d . v i d u a and 
lastly, the small size of t ransverse sections of the neck makes it P°s >ble to 
s tudy the whole pharynx, larynx and i n f r a h y o i d reg.on. 
been repor ted in the t w o la t te r g roups of muscles by L U C A S K E E N E ( 1 9 6 1 1 and 
Voss (1958) respectively, the re is still some lack of agreement on the subject . 
There appear s to be no repor t of spindles in the pha ryngea l muscles. 
Specimens conta in ing skeletal e lements were d e c a l c i f i e d in B E N S L E Y s f luid 
( 5 0 % Formic acid and 20%. Sod ium c i t r a t e in equal par t s ) . P a r a f f i n sections 
were cut a t 10 » and every section was moun ted , all slides were s ta ined, using 
Van G I E S O N ' S stain wi th iron h a e m a t o x y l i n and G L E E ' S s i lver (1946) impreg-
na t ion on a l te rna te slides. F ind ings will be repor ted in o rde r f r o m the oldest 
a n d most d i f f e ren t i a t ed foetus to the youngest and least d i f f e r e n t i a t e d . 
O b s e r v a t i o n s 
3 6 WEEK F O E T U S . R B 1 2 3 . F I R S T D O R S A L I N T E R O S S E U S MUSCLE OF H A N D 
E x t r a f u s a l muscle f ibres were clearly cross-str iated a n d the subsarcolemma! 
nuclei were r a the r rounder t han in adu l t muscle and there was conspicuous d i f -
ference in d i ame te r be tween these and the in t r a fusa l f ibres (Fig. 1). T h e r e were 
numerous spindles, these a p p e a r e d re la t ive ly much larger t han in adu l t muscle. 
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T h e capsules and equator ia l l y m p h a t i c space were conspicuous (Fig 1 & 2) T h e 
i n t r a f u s a l f ibres were f a in t ly cross-str iated and stained r a the r more d a r k l y than 
ex t r a fusa l f ibres w i th V A N G I B S O N ' S stain. N u c l e a r chains and nuc lear bags 
were iden t i f i ab le (Fig 1). U n f o r t u n a t e l y , n o comple te ly longi tud ina l section 
o t a sp indle was found in the G L E E ' S p repara t ions , bu t Figs. 3 & 4 t aken f r o m 
ad j acen t sections, show the e n t r y of the large d i a m e t e r sensory f ib re a n d a f e w 
spiral tu rns in the equator ia l region, and in Fig. 5 a med ium sized f ib re is seen 
a p p r o a c h i n g the jux ta -equa to r i a l region. T e n d o n o rgans and Pac in ian co rpus -
cles were well de f ined (Figs. 6 & 7), but m o t o r ne rve endings were small and 
simple (Figs. 8 & 9). 
2 5 WEEK F O E T U S . S 6 / 6 2 . F I R S T D O R S A L I N T E R O S S E U S MUSCLE OF H A N D 
Crosss t r ia t ion was well de f ined , the sub-sarcolemmal nuclei were large w i th 
conspicuous nucleoli. Spindles were also conspicuous, as the nuclear cha ins and 
bags stanled heavi ly and the re was a well de f ined sub-capsular l y m p h a t i c space 
( f i g s 10 & 11) A m o t o r n e r v e f ib re destined fo r the t w o polar regions of one 
spindle is seen d iv id ing the n e r v e t r u n k in Fig. 12 and simple e x t r a f u s a l m o t o r 
endings a re shown in Figs. 13. 
18 WEEKS F O E T U S . S 25/62. 148 mm. C . R . L E N G T H 
A cepha lo-cauda l g rad ien t of deve lopmen t and d i f f e r en t i a t i on of muscle 
l ibres and spindles was c lear ly demons t r a t ed in this foetus , (Figs. 14 & 15 rec-
tus capitis posterior major a n d Figs. 16 & 17 of abductor hallucis a n d t h e t r ans -
verse head of adductor hallucis respectively.) , The innerva t ion of spindles w a s 
well d i f f e r en t i a t ed in the sub-occipi ta l muscle (Figs. 18, 19 & 20), bu t on ly f ine 
and poor ly stained f ibres were found in the in t r ins ic muscles of the foo t . H o w -
ever, the la t ter has been t r ea t ed wi th a deca lc i fy ing agent , and this migh t 
account to r some d i f fe rences in s ta ining of the ne rve terminals , a l t hough general 
morphologica l charac te rs wou ld not be a f f e c t e d . In rectus capitis posterior ma-
jor which measured 7 m m . in length, a few large d i ame te r f ibres had been b ro-
ken at each end and dis located f r o m their su r roundings by the sect ioning T w o 
are shewn in Fig. 21 the longer measured 4 .19 m m . suggesting t h a t it m igh t 
have ex tended th roughou t t h e muscle. F ib rous capsules had ev iden t ly been 
present in certain segments, f o r f r agmen t s were f o u n d at in tervals , the p rox ima l 
t o rn end of one on the longer f i b r e is seen in Fig. 22. F ive separa te f r a g m e n t s 
were present on this f ibre and the re were t w o on the shor te r one. 
T h e r e was an e labora te n e r v e supply to each of these f ibres ; a n d this was 
p rov ided by large and f iner d i a m e t e r f ibres a p p r o a c h i n g at in te rva ls a long the 
length ot the muscle f ibres in which no cross-str iat ion was seen. 
Both spiral and p la te - l ike endings were present (Figs. 23 & 24) T h e r e 
were t w o main zones of i nne rva t ion in the longer f ib re a n d f o u r in the shor te r . 
Fibres of this t y p e with similar innerva t ion were found in several o ther sections 
of this muscle, and in an intercostal muscle of S 104/62, a large f ib re w i th ru -
d i m e n t a r y zona l ne rve endings was also f o u n d . 
e * p e C C ^ ' ^ . d e n s i t y of innerva t ion was high in all laryngeal muscles, 
spindles were ident i f ied in each and examples a re shown f r o m the cricoary-
tenoiaeus posterior and c r ico thyro id muscles, (Figs. 25, 26, 27 and 28). 
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In all muscles examined in this foetus (148 mm. C. R.), the spindles appe-
ared re la t ively much longer t han in the adu l t , f o r example , the intercostal 
spindle in Fig. 29 was 0.9 m m in length, and even then it was not cer ta in tha t 
the ends were included in the section (see also Fig 16). Nuc lea r chains and 
bags were ident i f ied in the in t r a fusa l f ibres in all muscles, a l though only 
nuclear chain f ibres a p p e a r to be present in the one shown in Fig. 29 l h e 
capsules of spindles were def ined in the laryngeal and neck muscles, bu t the 
lympha t i c space was inconspicuous in the intercosta and foot muscles In 
t ransverse sections of laryngeal and i n f r a h y o i d muscles it was very d i f f i c u l t 
to i d e n t i f y spindles unless the equa to r ia l region was in the p lane of section, 
fo r ex t r a fusa l fasciculi were small and there was no a p p a r e n t d i f f e rence in 
the d iameters of the e x t r a f u s a l f ibres and the polar regions of i n t r a fusa l fibres. 
T h e r e was also no dis t inct ion in the size of i n t r a -and ex t r a fusa l f ibres in the 
foo t , except in the equator ia l region. 
14 1/2 WEEK F O E T U S . S 23/62 . 106 mm. C . R . L E N G T H 
Cross-s t r ia t ion was visible in the muscles examined . T h e densi ty of inner-
vat ion of the laryngeal muscles was h e a v y . Spindles were present in these 
muscles and in the i n f r a h v o i d group. T h e nerve f ibres were slender a n a n n e i y 
b ranched , they lay in loose s t r ands in the suppor t ing tissue of the ne rve t r u n k s 
In the longi tudinal sections of s t y l o m a s t o i d there were many long s e n d e r 
spindles wi th nuclear bag f ibres and the capsules were present (Fig. 30). N e r v e 
f ibres stained well in the nerve t r u n k s and spiral endings were present in the 
equator ia l region of the spindles, and in Fig. 31, p a r t of this is visible together 
wi th a f ine f ib re runn ing along the polar region. N o m o t o r endmgs were iden-
t i f ied in t h e spindles. S imple dot - l ike endings were f o u n d on ex t ra fusa l f ibres 
and were presumed t o be m o t o r endings. 
13 WEEK F O E T U S . S 16/62. 85 mm. C . R. L E N G T H 
In the intercostal muscles the ex t r a fusa l f ibres were f a in t ly but clearly cross-
s t r ia ted, nuclei were e longated, most of them were subsarcolemmal a l though some 
still a p p e a r e d to be central ly placed. F ibres in the ne rve t r u n k s stained clearly 
and well in the muscles examined (Fig. 32). Spindles were ident i f ied b y t h e 
mul t inuc lea te equa tor ia l a rea in V A N G I E S O N p repara t ions . In the G L E E S p r epa 
rat ions swellings con ta in ing m a n y nuclei were present a long the c o u r s e o f s o m e 
fibres (Fig. 33). T h e nuclei were f l a n k e d by d a r k l y s taining and a p p a r e n t l y 
a m o r p h o u s mater ia l t ha t had no coun te rpa r t in the o lder foeta l or adu l t sp ind-
les. Th i s z o n e is reminiscent of the ear ly embryon ic myoblas t s (HEWER 1935) and 
of myoblas t s g rown in vitro ( K O N . G S B E R G 1 9 6 3 ) . In relat ion to this r e g o n 
there was clear evidence of a connect ive tissue capsule and a nerve f ib re can 
also be ident i f ied in Fig. 33. These areas were the re fo re ident i f ied as nuclear . 
9 1/2 WEEK F O E T U S . S 104/62. 46 mm. C . R . L E N G T H 
E x t r a f u s a l f ibres were slender, f a in t ly cross s tr iated and conta ined large 
e longated or slight ova l nuclei wi th well def ined nucleoli. Connec t ive tissue 
was present , but stained d i f fuse ly . T h e rectus capitis posterior ma,or and the 
intercostal muscles conta ined numerous spindles, readi ly ident if ied in the VAN 
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G I E S O N p r epa ra t i ons by the mul t inuc lea te equa tor ia l regions (Fig . 3 4 ) T h e 
capsule was present b u t th in and closely appl ied to the conta ined muscle f ibres . 
N e r v e f ibres stained clear ly , bu t were f ine and n o nerve endings w e r e f o u n d 
in relation to t h e equa to r ia l regions of spindles. A large and long uns t r i a t ed 
and encapsula ted f i b r e w a s f o u n d in an intercostal muscle, it had been d i s lod-
ged and pul led across the section. A f e w d a r k l y stained dots were f o u n d a t 
in tervals a long the f ibre , no spiral l ing f ibres were seen and it is imposs ib le to 
2 3 * & 2 4 ) ° T H E S C W C R E E A F L Y S T A G C S ° F P L A T C E N D I N G S F O U N D I N S 2 5 / 6 2 
T h e muscles of the lower a rm, fo r ea rm and h a n d were less well d i f f e r e n -
t ia ted than the suboccipi ta l muscle. In the h a n d the f ibres were densely packed 
together and cross s t r ia t ion was ext remely f a in t , especially in the si lver p r e p a -
rat ions. In all th ree zones of the uppe r l imb there were mul t inuc lea ted f ibres , 
clearly seen in the V A N G I E S O N stained sections (Fig. 3 5 ) . N e r v e f ibres were 
present in a rm and f o r e a r m and stained poo r ly , none was f o u n d in the h a n d . 
In the fo r ea rm n e r v e fibres ran a long a n d across muscle fibres. N o endings-
were ident i f ied in re la t ion t o the p r e sumpt ive equator ia l region f o u n d in an 
un ident i f ied muscle of the fo r ea rm (Fig. 36). 
5 7 DAY ( 8 WEEKS, 1 D A Y ) F O E T U S . R 3 7 . 3 3 m m . C . R . 
T h e pre and post ver tebra l muscles of the neck and deve lop ing larynx 
conta ined numerous bundles of ne rve f ibres , some f o r m e d plexuses, bu t it w a s 
not possible to de te rmine whe the r these were f o r m i n g any specific t y p e of sen-
sory o r m o t o r ending . T h e muscle f ibres were of small d iameter . N o spindles 
were ident i f ied in the neck. 
In the intercostal muscles, f ine ra ther poor ly stained nerve f ibres w e r e 
seen to run between muscle f ibres and to m a k e a f e w loops a round them. These 
muscle f ibres had no o the r dis t inguishing fea tures . A f e w muscle f ibres cut in 
cross section were seen to have per iphera l ly s i tuated myof ib r i l s . T w o of these 
f ibres were seen to be encircled by nerve f ibres (Figs. 37 & 38). 
In the arm and fo rea rm there was no clear evidence of cross s t r ia t ion of 
muscle fibres. Fine n e r v e f ibres ran in loosely kn i t s t r ands in nerve t r u n k s which 
were d i sp ropor t iona te ly large on compar i son wi th the muscle masses. In t h e 
a rm muscles there were a f e w grouped f ibres wi th cent ra l , mu l t inuc lea t ed zones. 
These s t ructures were conf ined to the lower th i rd of biceps brachii, brachialis 
and triceps and a f e w were seen in the f o r e a r m . O n e of these m u l t i n u c l e a t e 
s tructures, seen a t successively lower focal p lanes (Figs. 39, 40 & 41) can be 
seen to h a v e a del icate connec t ive tissue capsule, a ne rve f ib re which is b r e a k i n g 
up in relation to the mul t inuc lea te region t h a t f o r m s a localized swel l ing in a 
slender f ibre . O n this ev idence it seems reasonable to suggest t ha t this s t ruc tu re 
is a muscle spindle. 
D i s c u s s i o n 
In her s tudy of in tercos ta l muscles, M A V R I N S K A I A ( 1 9 6 0 ) has p r o v i d e d the 
earliest histological a n d his tochemical ev idence of neuromuscu la r con t ac t s in 
man . She repor ted the s imul taneous f o r m a t i o n of s imple moto r and sensory en-
dings between 7 Vi to 8 weeks. T h e youngest foetus in the present inves t iga t ion 
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was 57 days old and f ind ings wou ld suppor t her c laim t h a t neu romuscu la r con-
tact was m a d e in certain muscles by this t ime. Hewer (1935) f o u n d an argen-
tophil ic plexus of nerves in all muscles at 8 weeks bu t gave no detai ls of the 
early stages of f o r m a t i o n of endings . In her view d i f f e r en t i a t i on of sensory en-
dings was in a d v a n c e of m o t o r ones, fo r spindles were well de f ined by 20 weeks 
and, wi th f e w except ions m o t o r endings were r u d i m e n t a r y at b i r th . C U A J U N C O 
(1940 & 1942) f o u n d no sign of neuromuscu la r contact in biceps brachii be fo re 
the 11th week, and since well au then t ica ted movements had been repor ted in 
younger foetuses, he suggested t h a t myogenic cont rac t ion due to chemical sti-
mula t ion might occur in the absence of e f fec t ive inne rva t ion . Myogen ic cont-
raction of skeletal muscle has been repor ted in selachian embryos , bu t there is 
no evidence t h a t i t occurs in m a m m a l i a n ones (BARRON, 1941). F u r t h e r m o r e , it 
would seem unnecessary to invoke such an explana t ion because r u d i m e n t a r y 
central connexions of neurones of spiral ref lex arcs are demons t r ab l e shor t ly 
before the t ime at which the con t rac t ions a re elicited (BARRON 1941) and the 
work of M A V R I N S K A I A (1960) and the present s tudy bo th p rov ide ev idence 
suggesting tha t per iphera l con tac t s also a re fo rmed in a d v a n c e of the onset of 
reflex movement s (cf H O G G 1941; H U M P H R E Y & H O O K E R , 1959). 
Some of the discrepancies between the var ious repor ts might be due to 
d i f f icul t ies in accura te ly es t imat ing foeta l ages; ind iv idua l va r i a t ions between 
foetuses of t h e same age (CUAJUNCO, 1940) and var ia t ions in histological tech-
niques. As C U A J U N C O ' S ma te r ia l came f r o m the C A R N E G I E col lect ion, the es-
t imate of age was cer ta in ly of the highest order of accuracy. Ind iv idua l var i -
ation between foetuses wou ld be unl ikely to account fo r at least th ree week 's 
d i f fe rence in the f o r m a t i o n of ne rve endings, especially when general m o r p h o -
logical fea tures of t h e muscle f ibres corresponded so well wi th these repor ted 
by o thers fo r foetuses of similar age. Frozen sections and his tochemical techni-
ques were used by M A V R I N S K A I A a lone, the silver techniques' var ied fo r each 
invest igat ion. R A N S O N ' S and de C A S T R O ' S impregnat ions were used by H E W E R , 
A G D U H R ' S modi f i ca t ion of B I E L S C H O W K Y ' S by C U A J U N C O , B I E L S C H O W S K Y G R O S 
by M A V R I N S K A I A , a G L E E S me thod f o r p a r a f f i n sections was used in the pre-
sent s tudy. P rev ious au thors did not ment ion decalc i fy ing f luids , bu t must h a v e 
employed them when skeletal e lements were present , B E N S L E Y ' S f lu id was used 
here. Var ia t ions in the t ime and d u r a t i o n of f ixa t ion a re p r o b a b l y h igh ly sig-
ni f icant since F I T Z G E R A L D (1960) has shewn that this is cri t ical fo r reveal ing 
f ine axona l te rminals . C U A J U N C O (1940 & 1942) used 20 % f o r m a l i n , there 
was no specific ment ion of f i xa t i ve by MAVRINSKAIA, and in this s tudy 7,5 % 
and 10 % formol - sa l ine were employed . T h e strong f ixa t ive might well have 
inf luenced the s ta ining of the n e r v e endings in C U A J U N C O ' S series, a l though the 
def in i t ion of o ther s t ruc tures was ou t s tand ing ly clear. 
T h e s t ruc ture of the equator ia l region of the spindle in the 57 d a y foetus 
(Figs. 39, 40 & 41) raises problems. It resembles the myotubes described by m a n y , 
including H E W E R ( 1 9 3 5 ) and M A V R I N S K A I A ( 1 9 6 0 ) . These a re considered to 
give rise to muscle f ibres and they h a v e been in tissue cul ture in t h e absence of 
nerve fibres. 
T h e f i rs t evidence of sensory innerva t ion is the f o r m a t i o n of spiral tu rns 
of nerves a round muscle f ibres, in no way distinguishable f r o m thei r neighbours . 
If, as evidence suggests, the s t ruc ture shewn in (Figs. 39, 40 & 41) is a spindle, 
there must h a v e been a ded i f f e r en t i a t i on t o w a r d s the m o r e p r imi t i ve t y p e of 
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s t ruc ture in relat ion to the sensory f ibre . T h e other a l t e rna t ive wou ld be to 
in te rpre t the m y o t u b e as the an la rge of the spindle, and for this there is no 
s u p p o r t . 
A l though a t t en t ion has been directed chief ly to deve loping spindles, this 
invest igat ion wou ld suppor t H E W E R ' S s t a tement that d i f f e ren t i a t i on of m o t o r -
endings lags behind tha t of the sensory endings. The m o t o r nerve endings in the 
hand at 36 weeks were s imple and lacked e labora te end-arbor i sa t ions . H o w e v e r , 
this m a y be a ref lexion of the small size of ex t ra fusa l muscle f ibres and not 
evidence of a lag in deve lopmen t . In the chick S H E H A T A ( 1 9 6 1 ) showed tha t as 
t h e d i ame te r of the muscle f ib re increased wi th age, the m o t o r - e n d - p l a t e in-
creased in size and nerve te rmina ls became more e laborate ly branched . It was 
suggested t h a t this increase in b ranch ing was a normal f o r m of t e rmina l 
sprout ing p roduced by m i n u t e de tachment s of ne rve terminals due to the 
en la rgement of t h e muscle f ibres beneath them. T h e process of te rminal sp rou t ing 
of normal ne rve f ibres has been seen in par t ia l dene rva t ion of an imal and 
h u m a n skeletal muscle ( H O F F M A N , 1 9 5 1 ; and Cc-£.is & W O O L F , 1 9 5 9 ) . 
T h e long, encapsula ted muscle f ibres of large d iameter f o u n d in the sub-
occipi ta l muscle of S 2 5 / 6 2 and in the intercostal muscle of 11 3 7 are of interest . 
T h e well de f ined pa t t e rn of innerva t ion in the o lder foetus resembles tha t found 
previously on re la t ively shor t segments of muscle in human extr insic eye 
muscles ( D O G I E L , 1 9 0 6 ; D A N I E L , 1 9 4 6 ) ; facial muscles ( K A D A N O F F , 1 9 5 6 ) and 
la ryngeal muscles ( L U C A S K E E N E , 1 9 6 1 ) ; and in facial muscles of rabbi t and 
ra t by B O W D E N & M A H R A N ( 1 9 5 6 ) . A L D E R S O N ( 1 9 6 2 ) also saw them in large 
numbers in intercostal muscles of the cat . These muscle fibres d o not resemble 
the large d i ame te r i n t r a fusa l f ibres, because no evidence of a nuclear b a g was 
found a long the i r length. O n e end of one of the f ibres was longi tud ina l ly 
s t r ia ted, and the possibil i ty of this being a very long and slender spindle wi th 
poor ly stained in t ra fusa l f ibres must be considered. H o w e v e r the s t r ik ingly 
d i f f e r e n t p a t t e r n of innerva t ion and absence of any sign of a d i la ted equa to r ia l 
region, render this possibil i ty unl ikely . 
C o n s t a n t o r near ly cons tan t ac t iv i ty is a f ea tu re shared by all the muscle 
groups in which these spiral endings h a v e been repor ted and in add i t ion , precise 
and del icate m o v e m e n t s a re executed by most , if not all. T h e m o v e m e n t s of 
respi ra t ion a re g radua ted precisely and the suboccipital muscles might be 
considered to supply the f ine a d j u s t m e n t fo r the posit ion of the head. These 
specialised nerve f ibres migh t represent some specialised f o r m of low threshold 
stretch receptors . 
Th i s invest igat ion con f i rm previous evidence of a cepha locauda l g rad ien t 
of d i f f e ren t i a t i on of muscle and nerve f ibres and endings (see S 25/62). T h e 
fac t t h a t no de f in i t e endings were f o u n d in the t ransverse sections of the neck 
of R. 37., whi ls t they were seen in distal pa r t s is a lmost cer ta in ly due to the 
fac t t h a t sections in this p lane a re no t as suitable as longi tudinal sections fo r 
detect ing spindles in foetuses younger than th ree months . T h e in t ra and e x t r a -
fusal f ibres a re of the same d iameter except in the equator ia l region (Figs. 39, 
40 & 41), and a l though there was ev idence of a capsule, the subcapsular space 
was not de f ined . In longi tudinal sections the spindles a re conspicuous, and a re 
a p p a r e n t l y larger and more closely packed than in the adu l t . Th i s relat ively 
large size in the foetus m a y be a t t r i b u t a b l e to the fac t t h a t a f t e r the 15th week 
there is no numerical increase in the sp indle popula t ion (CUAJUNCO, 1940). 
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T h e presence of spindles in all laryngeal and i n f r a h y o i d muscles has been 
con f i rmed , but so f a r t h e r e is no evidence of spindles in the cons t r ic to rs of t h e 
p h a r y n x . 
There is clear ev idence to suppor t H E W E R ( 1 9 3 5 ) and H O G G ( 1 9 4 1 ) in the i r 
s ta tement tha t the adul t o r m a t u r e f o r m of ne rve endings is no va l id c r i t e r ion 
of func t iona l capac i ty . T h i s view is suppor ted by col la tera l ev idence of res tor -
a t ion of func t ion in the presence of a b n o r m a l endings a f t e r r egenera t ion of 
in ju red per iphera l nerves in exper imen ta l an imal s and man (GUTMANN & 
Y O U N G , 1 9 4 4 ; B O W D E N & G U T M A N N , 1 9 4 4 ) . Whi l s t r u d i m e n t a r y spindles , m o t o r 
endings and central connexions of their nerves a p p e a r t o be established b e f o r e 
movement s occur, it is ev iden t tha t f u r t h e r d i f f e r en t i a t i on of spindles is not 
dependen t upon ac t ive m o v e m e n t of the foetus. Well d i f f e r e n t i a t e d a n d 
a p p a r e n t l y heal thy spindles (Fig. 42) w e r e f o u n d in the gluteal muscles of a 
child of 2 years wi th c o n g e n i a l l y f ixed h ips due to arthrogryphosis multiplex. 
Clear ly f u r t h e r inves t iga t ions using his tochemical techniques, F I T Z G E R A L D ' S 
f ixa t ive fo r d e m o n s t r a t i n g f ine nerve t e rmina le a n d a var ie ty of si lver s tains 
is required. Coup led wi th this e lec t ronmicroscopy is essential in o r d e r to f i nd 
the earliest evidence of neuromuscu la r contac ts and per iphera l myel inogenes is 
S u m m a r y 
1. T h e deve lopmen t of neuromuscular spindles in the neck, l a ryngea l , i n f r a -
hyoid , intercostal and l imb muscles has been studied f r o m seven h u m a n foetuses 
of ages rang ing f r o m 57 d a y s t o 36 weeks. 
2. Evidence suggests tha t neuromuscular spindles a re fo rmed b e f o r e the 
onset of ref lex movement s of the limbs and t r u n k of the foetus. 
3. Large d iameter muscle f ibres w i th spiral and pla te- l ike end ings h a v e 
been found in suboccipi tal and intercostal muscles. These resemble those r epor t ed 
by D O G I E L in extrinsic eye muscles. 
4. T h e func t iona l s ignif icance of the f ind ings is discussed. 
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fessor A . A B R A H A M w h o has m a d e no t ab l e con t r ibu t ions to neuroh i s to logy , 
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Figs. 1—9 inclusive. 1st dorsal interosseus muscle (hand). 36 week foetus RB. 123 
Figs. 1 & 2 Adjacent o b l i q u e sect ions o f musc le spindle . 
( V A N G I E S O N and iron h a e m a t o x y l i n stain.) 
a ) capsule . 
b) l y m p h a t i c space . 
c ) in tra fusa l fibres. 
d) nuc lear b a g f ibre. 
e) nuc lear c h a i n f ibre. 
f ) nerve trunk. 
Figs. 3 & 4 O b l i q u e sec t ions o f muscle spindle . 3 & 4 arc adjacent to each other . 
( G L E E S s tain. ) 
a) capsule. 
b/ equator ia l region o f spindle. 
c ) nerve f ibre approach ing equator ia l region. 
d) part o f annu lo - sp ira l ending . 
e) m e d i u m s i z e d nerve fibre a p p r o a c h i n g juxtaequator ia l region. 
f ) in tra fusa l musc le f ibres. 
g) nerve t runk . 
Fig- 6 T e n d o n o r g a n (GLEES stain). 
F iB- 7 Pac in ian corpusc le c lose to m u s c u l o t e n d i n o u s junct ion. ( V A N G I E S O N and 
iron h a e m a t o x y l i n stain. ) 
Figs. 8 & 9 a) m o t o r - e n d - p l a t e s on extrafusa l f ibres. 
b) in tramuscu lar nerve trunk. 
Figs. 10—13 inclusive. 1st dorsal interosseus muscle (hand). 25 week foetus 5 6 / 6 2 . 
M U S C L E S P I N D L F . S I N T H E H U M A N F O E T U S 4 7 
Figs. 1 0 & 1 1 L . S . of equator ia l regions o f t w o spindles . ( V A N G I E S O N and iron h a e m a -
t o x y l i n stain.) 
a) ex t ra fusa l musc le f ibres. 
b) poles of intrafusa l f ibres. 
c) nuc lear b a g f ibre . 
d ) nuclear chain f ibre. 
Pigs. 12 Tangent ia l sect ion o f c g u a t o r i a l region of spindle. (GLEES stain. ) 
a) l aminated capsule o f sp ind le . 
b,i equator ia l region. 
c) l y m p h a t i c space. 
d) d i v i d i n g motor nerve f ibre in in tramuscular nerve trunk. 
e) jux ta -equator ia l m o t o r e n d i n g s . 
Fig. 13 Extrafusa l e n d plates . (GLEES stain. ) 
Sections 14—29 inclusive. 18 week foetus. S 25/62. 148 mm C. R. length. 
Figs. 1 4 & 1 5 L. S . Rectus capitis posterior major. (Wan G I E S O N and iron h a e m a t o x y l i n . ) 
N o t e high dens i ty o f sp indle p o p u l a t i o n in Fig. 14. 
Figs. 16 & 17 L. S. Abductor hallucis a n d transverse head o f adductor hallucis respec-
t ive ly . 
for f igs . 1 4 — 1 7 inc lus ive n o t e : 
a ) equatoria l region o f sp ind le . 
b; po le s of intrafusal f ibres . 
c) capsule . 
d) ex trafusa l f ibres . 
Figs. 1 8 , 1 9 & 2 0 L. S . Rectus capitis posterior major. ( G L E E S stain.) 
a) equator ia l region o f sp ind le . 
b) polar region. 
c ) capsule . 
d) ex trafusa l muscle f ibres. 
e) nerve supply o f equator ia l region. 
/ ) nerve to juxta equatoria l region. 
g) motor f ibre to intrafusa l musc le . 
Figs. 2 1 — 2 4 L . S . Rectus capitis Posterior. ( G L E E S stain.) 
Pig. 21 a) & b) t w o large d iameter muscle f ibres d i s located across main sec t ion . 
Fig. 22 c) torn f ragment o f capsu le on f ibre o f Fig. 21. 
d) ex t ra fusa l f ibres (cf w i t h f ibre a) 
Figs. 23 & 24 Deta i l s o f innerva t ion o f large d iameter f ibre (of Fig. 21) . 
P p late end ing 
S spiral nerve fibres. 
Figs. 25, 26 & 27 T . S. of cricoarytenoideus posterior. 
Fig. 2 5 V A N G I E S O N & iron h a e m a t o x y l i n stain. Glees stain. 
Figs. 26 & 27 GLEES stain. 
a) Equator ia l region o f sp ind le . 
b) capsule of sp ind le . 
c) ex trafusa l musc le fasciculus, 
a) nerve trunk. 
e) nerve f ibres a p p r o a c h i n g equatoria l regions o f c o m p o u n d spindle . 
Fig. 2 8 L . S. C r i c o t h y r o i d muscle . G L E E S stain. N o t e innervat ion of equator ia l 
region. 
Fig. 2 9 L . S . o f sp indle in intercosta l muscle V A N G I E S O N and iron h a e m a t o x y l i n . 
Fig. 30 and 31. L. S. Stemomastoid of 14'/t week foetus. S23I62 106 mm C. R. length. 
Fig. 30 V A N G I E S O N & iron h a e m a t o x y l i n stain. 
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F i g . 3 1 G L E E S s t a i n . 
a = nuclear bag f ibre 
b = nuclear chain f ibre 
c = capsule 
d = nerve t r u n k 
e = spiral n e r v e e n d i n g 
f = nerve f ibre approach ing polar region o f intrafusal f ibre. 
rigs. 32 & 33. 13 week foetus. S16/62 85 mm. F. R. length 
L. S. Intercostal muscle. (GLEES stain. ) 
Fig. 32 a) cxtrafusa! fibre. 
b) nerve f ibres . 
c) m u l t i n u c l e a t e presumpt ive equator ia l region. 
Fig. 33 a) b) c) as f o r Fig. 32. 
d) capsule o f spindle . 
Fig!. 34—36. 9 ' / i week foetus. S104/62 46 mm C. R. length 
Fig. 34 L. S. Rectus capitis major posterior. (VAN GIESON a n d iron h a e m a t o x y l i n 
stain.) 
a) ex trafusa l f ibres. 
b) equator ia l region of spindle . 
Fig. 35 L. S. Intcrosseus musc le o f hand. (VAN GIESON &- iron h a e m a t o x y l i n . ) 
a) equatoria l region of spindle . 
Fig. 36. L. S. Muscle o f forearm. (GLEES s ta in . ) 
a) p r e s u m p t i v e equatoria l region o f s p i n d l e resembl ing m y o t u b c . 
Figs. 37 to 41. 57 day foetus. R 37. 33 mm. C. R. length 
Figs. 37 & 38 Intercostal musc le . (GLEES stain.) a i T. S. o f m u s c l e f ibres with per iphera l ly p laced myof ibr i l s . 
b) N e r v e f ibres l o o p i n g round muscle , poss ib ly e a r l y f o r m a t i o n sensor) 
ending . 
Figs. 39. 4C C- 41. L. S. Biceps brachti. (GLEES stain, success ive ly l o w e r f o c a l planes.) 
ex trafusa l f ibres. 
b) capsule . 
c , nerve fibre & f ine terminals . 
d, detai ls of m u l t i n u c l e a t e z o n e , p r e s u m p t i v e equator ia l region. 
c) small d iameter muscle f ibre, p r e s u m p t i v e po lar regions. 
Fig. 42. T . S. o f s p i n d l e in gluteus medius of ch i ld o f 2 years with arthrogryphosis 
multiplex and c o n g e n i a l l y f i xed hips. (ROMANES s i lver stain.) 
a) capsule . 
b) intrafusal f ibre s o f large, m e d i u m & smal l d iameter . 
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